With globalization of research and development (R&D), an increasing number of transnational R&D centers have been established in developing countries, including China. However, how these transnational R&D centers affect the host country's national innovation system (NIS) is still not clear. Building on the literature, this article puts forward hypotheses about transnational R&D centers' embedment process, which is gradually adaptive, cooperative, and dynamic. It then tests the hypotheses by means of a unique survey on transnational R&D centers in China. The results indicate that the embedding of transnational R&D centers has positive effects on the host country's NIS. Relational embedding, structural embedding, and virtual embedding have different influences with different lag periods of effects; the first two modes are the most influential. Transnational R&D centers in China still remain at the early stage of embedding. This article suggests that the Chinese government should take several measures to maximize the positive influences of transnational R&D centers on China's NIS.
Introduction
In the context of economic globalization, multinational corporations (MNCs) continuously propel the globalization of research and development (R&D) resource allocation, and a growing number of transnational R&D centers are expanding into developing countries such as China (Patel and Vega 1999 ; United Nations Conference on Trade and Development 2005; von Zedtwitz and Gassmann 2002) . As of April 2014, MNCs had set up 370 R&D centers in Shanghai, accounting for almost one-fourth of the total number of R&D centers in China (''Shanghai'' 2014) .
Globalization of R&D has brought unprecedented opportunities and challenges for developing countries building their own national innovation system (NIS). On the one hand, the globalization of R&D has intensified the dependence of innovation entities on open innovation and has amplified the limitation of a single country's scientific and technological resources. On the other hand, it has provided more opportunities for developing countries to build up open NISs.
The embedding of transnational R&D centers into developing host countries is of great interest and importance for policy designs. It highlights the interdependence of different countries and the importance of an open NIS in terms of the global allocation of R&D resources and the global sharing of R&D achievements.
Driven by their self-interests, transnational R&D centers in developing host countries use the host country's scientific and technological resources to enable technology innovation. The flux of foreign R&D resources and the use of host countries' resources will undoubtedly encourage the embedding of transnational R&D centers into developing countries and enhance the openness of NISs. The collaborative innovation mechanism of knowledge alliances can help enterprises rapidly improve their competitiveness (Sun et al. 2014) .
Since Polanyi (1944) put forward the concept of embeddedness, this concept has been extensively studied in the fields of economics and organizational behaviour. Dacin, Ventresca, and Beal (1999) define embeddedness as the schema in which economic activities are compatible with social relations. Embeddedness is the overall reflection of the subject that has been integrated into aspects of a country or region such as its culture, regime, and knowledge (Zukin and DiMaggio 1990) . As external innovation entities, transnational R&D centers have transformed the composition of the host country's NIS factors and surpassed the limitation of the previous closed innovation models, which helps to realize open NIS.
The impacts of transnational R&D centers on the host country can be categorized into two types: positive effects (e.g., opening effect, linkage effect, aggregation effect, demonstration effect) and negative effects (e.g., crowdingout effect, plundering effect, technology lock-in; Cui 2011). The key lies in how to exploit the positive and minimize the negative.
Although studies on transnational R&D date back to the late 1970s (Creamer 1976; Ronstadt 1978) , research on the embedding of transnational R&D centers into the host country's NIS and the corresponding impacts is still rare. The purposes of this study are to illustrate how transnational R&D centers are embedded into the host country's NIS and to examine the influence of different embedding modes on the host country's NIS. This article illustrates the intrinsic rules of transnational R&D centers' embedment from the perspective of academia, which is of great significance to host countries in bringing the positive effects of transnational R&D centers into full play and facilitating the construction of an open NIS.
Literature Review
The influence mechanism of transnational R&D centers on the host country's NIS needs further study. Overseas R&D activity is the last internationalization function of MNCs (Mansfield, Teece, and Romeo 1979) . Lall (1980) points out that transnational R&D centers have spillover effects on the host country's NIS. Fosfuri, Motta, and Rønde (2001) argue that the spillover effect lies mainly in the personnel turnover between transnational R&D centers and local enterprises and research institutions; the more frequent the turnover is, the more obvious the spillover effect is. Katz (1984) argues that although MNCs' original target in establishing overseas R&D institutions was to foster their manufacturing sector's competitive capability, they have indirectly promoted technology exchanges between MNCs and local enterprises. Johansson and Karlsson (1994) investigated the R&D hub in the Malar region of Sweden and discovered that transnational R&D centers conduct communication and interaction with new knowledge and technologies through the innovation network they form, thereby becoming an important node of local innovation development. Pearce (1989) reveals that the interactions between transnational R&D centers and the host country's innovation entities significantly enhance the host country's innovative capability. Kramer et al. (2011) explore the key dimensions of strengthening two special intangible assets (organizational funds and network-related funds), as well as their positive effects on MNCs' innovativeness and embeddedness in NIS. Dunning (1994) examines the reciprocal influences between transnational R&D centers and the host country's NIS from the perspectives of direct and indirect effects. Reddy (1997) studies the interaction between transnational R&D centers and India's NIS.
The concept and phenomena of transnational R&D centers' embedding can be defined and illustrated by embeddedness theory. In reality, all enterprises are embedded into a social and professional network and have various trading relations with other organizations. Such a network covers both vertical and horizontal relations (connections with suppliers, customers, competitors, and other entities); the relations transcending industries and countries are also included (Gulati, Nohria, and Zaheer 2000) . Previous studies have always treated transnational R&D centers as one exogenous influencing factor for NISs and one channel for technology transfer and cooperation; however, transnational R&D centers in the S108 Cui, Chen and Chang host country become endogenous because of their embeddedness.
Transnational R&D centers' embedment describes the situation in which the connections between transnational R&D centers and different components of the host country's NIS, as well as customers, competitors, communities, and social organizations, can serve as a source of knowledge and information, which reflects transnational R&D centers' ability to absorb new technology and information through the host country's social network (Cui 2011) . To compete in today's industry, no enterprise is simply competing with a single competitor but rather with a whole network of competitors (Hitt, Keats, and De Marie 1998) . Therefore, we believe that transnational R&D centers' embedment into the host country is a proactive behaviour driven by their self-interests.
The literature on embedding has laid the groundwork for measuring transnational R&D centers' embedment. Granovetter (1985 Granovetter ( ,1992 adopted relational embedding and structural embedding to analyze the embedding of subjects' economic connections with the social system. Scholars have widely adopted these two dimensions (Al-Laham and Souitaris 2008; Andersson, Björkman, and Forsgren 2005; Capaldo 2007; Doménech and Davies 2011; Gilsing 2005) , which exhibit high correlation with information communication, technology R&D, and knowledge innovation.
Relational embedding stresses the social adhesion between different subjects, which is intended to illustrate specific behaviours and processes through sharing mechanisms, trust, strength of ties, and scope (Nooteboom 2004) . Structural embedding emphasizes the position that the subject takes in the network, which is intended to explain the social structure reflected by the relations between two or more subjects as well as the formation and evolutionary pattern of this structure by means of network density, centricity, scale, and stability. Considering the rapid development of the Internet, some scholars have put forward the concept of virtual embedding, which demonstrates some new features of knowledge communication in the Internet era through virtual coupling and virtual linkage (Fowler, Lawrence, and Morse 2004; Morse, Fowler, and Lawrence 2007) . Not only are these three dimensions proper in analysing general embedding but they also reflect the features of transnational R&D; therefore, they are applicable to analyzing transnational R&D embedment.
The essential characteristics of a national open innovation system (NOIS) are the basis for constructing an evaluation framework. Since Lundvall (1985) first put forward the concept of NIS, Freeman (1987) , Nelson (1993) , and other scholars have further developed it. NIS refers to the network composed of public and private agencies whose activities and reciprocal effects can initiate, introduce, improve, and diffuse new technologies (Freeman 1987) . In the trend toward economic globalization, a serious defect of NIS theory has been its lack of international perspective (Ernst 1999) . Thus, constructing NOIS became an irresistible choice. Cheng and Liu (2014) show that a country's openness to trade can improve its R&D efficiency. Archibugi and Michie (1997) examine the main entities of NIS and find that the key to constructing NOIS is to enhance the openness of these entities. The Organisation for Economic Cooperation and Development (OECD; brings open innovation into a global vision and extends it from the enterprise level to the industrial and national levels, thereby discussing the mechanisms of open innovation on different levels with different boundaries.
Santonen, Kaivo-oja, and Antikainen (2011) introduce the concept of NOIS and classify the innovation sources into present innovation and future innovation: The former represents the current national innovation capability; the latter stresses the openness of NIS, that is, the affluence of valid innovation resources. Transnational R&D centers' embedment is a process during which they are endogenized and thus become one part of the host country's NIS, which functions as the bridge between the host country's NIS and MNCs' corporation innovation system and will significantly enhance the innovation capability and openness of NIS (Cui 2011) . NIS innovation capability and NIS openness both reflect the essential characteristics of NOIS and conform to the effect mechanism of transnational R&D centers; therefore, they are suitable for use as the basic dimensions of the NOIS evaluation framework.
Hypotheses and Model
The literature review demonstrates that transnational R&D centers' embedding directly influences the host country's NIS (Figure 1 ). On the basis of the conceptual model, this article proposes hypotheses of the relations among the five latent factors and establishes the measurement index system of these factors (Table 1 and Table 2 ).
The influences of relational embedding are determined by the sharing mechanism, trust, strength of ties, and scope. First, the sharing mechanism manifests the frequency and value of information released by the subject that can benefit other related entities. Because the sharing mechanism is an important source of enterprises' competitive advantage, it can positively influence the interactive entities in the innovation network (Dyer and Nobeoka 2000; Dyer and Singh 1998) . The sharing mechanism is of great significance in the course of innovative learning and is itself a process of technology accumulation (Rothwell 1992) . The measures for sharing mechanisms are information sharing, mutual reminding, cooperative behavior, and sharing plans, which means that interactive subjects frequently exchange information and the exchanges are not restricted by the agreedon contracts; interactive subjects will remind each other when they come across problems and changes in cooperation; they put forth their best efforts to provide the information demanded by others; and they are willing to share their development plans (Dhanaraj et al. 2004; Uzzi 1997) . Note: R&D ¼ research and development. Source: Summarized and organized on the basis of the cited studies.
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Second, trust indicates that interactive subjects receive reciprocal benefits and live up to commitments. Trust can help subjects to establish a long-term cooperative relationship and lower transaction costs, especially the diffusion costs of knowledge and technology. The measures for trust mainly include seeking truth, living up to commitments, no misleading, and not taking advantage of others' weakness, which specifically implies that interactive subjects act in accordance with the principle of seeking truth from facts during cooperation, can live up to commitments in business exchanges, will not mislead others, and will not take advantage of others' weakness to reap improper gains (Dhanaraj et al. 2004; Nooteboom, Berger, and Noorderhaven 1997; Zaheer, McEvily, and Perrone 1998) .
Third, strength of ties shows the quantity and frequency of ties between subjects. Weak ties and strong ties function differently under different market mechanisms (Talmud and Mesch 1997) . When there is great uncertainty in the developing host country's market, strong ties can help subjects to create a win-win situation. The indicators for tie strength are degree of intimacy, reciprocity level, and frequency of interaction, and the specific measures are that many related subjects interact quite frequently and subjects have sustainable cooperation (Capaldo 2007; Dhanaraj et al. 2004; Granovetter 1973) .
Fourth, scope indicates the number of related stereotypes, such as enterprises, markets, organization, and so forth (Burt 1983; Marsden 1990) , which measure subjects' ability to access resources and is positively correlated with innovation performance (Brown and Butler 1995; Johannisson and Ramirez-Pasillas 2001) . The indicators for scope mainly include the quantity of resources, the number of units, interactive group, and number of stereotypes; the corresponding measures are that the subject's customers, vendors, and competitors have direct contact; the subject has indirect contact with the main entities of innovation; and the subject has direct contact with the main entities of innovation, and they support each other and tackle challenges jointly (Burt 1983 (Burt , 2005 Marsden 1990; Nooteboom 2004) .
Therefore, relational embedding of transnational R&D centers can contribute to the long-term reciprocal cooperation between constitutive entities of NIS, lower the exchange cost of information and knowledge, reduce the transaction cost of technology, and provide local entities with opportunities to participate in the global open innovation platform. In view of these, we propose the following hypotheses:
Relational embedding is positively correlated with the innovation capability of the host country's NIS; the greater the embedding is, the stronger the innovation capability.
H 1b : Relational embedding is positively correlated with the openness of the host country's NIS; the greater the embedding is, the greater the openness is.
The impacts of structural embedding are determined by four factors: the network's density, centricity, scale, and stability. First, network density is manifested by the ratio of entities of high interaction frequency with the subject to all entities. The subject can access social resources through a high-density network, thus greatly influencing resource allocation. Larson (1992) finds that the more entities there are in the network and the more contact entities have, the more non-redundant information and resources will be discovered and shared; the adequate sharing of information and resources can enhance the network's overall performance. The indicators for density are direct contact and indirect contact; the specific measures are having established direct business relations with most potential cooperators and seldom interacting with other network members through a third party (Burt 1992; Coleman 1990 ). Second, centricity demonstrates the importance of a subject's location in the network. The advantage of taking a structural hole enables the subject to obtain more market opportunities at lower cost; the central position of the network enables the subject to be easily understood and trusted by other members and to enjoy the advantages of gaining information and obtaining business opportunities (Baum and Oliver 1997; Burt 1992) . The major indicators for centricity are intermediacy, popularity, and intimacy; the specific measures include the subject's visibility, the position the subject takes in a special realm, the subject's social cognition, and the magnitude of the subject's acquaintance with other members (Powell 1998; Tsai 2001; Wellman 1983; Zaheer and Bell 2005) .
Third, scale indicates the quantity of interaction with the subject. The bigger the scale is, the more cooperative partners, the more affluent relation resources, and the more market opportunities the subject will have. Empirical studies (Uzzi 1998) show that the increment of scale can increase the quantity of attainable information, thus attaining scale effect. The indicators for scale can be divided into horizontal contacts and vertical contacts; the specific measures are the scale of cooperation between the subject and participants in the innovation network, the number of network participants, and the region involved in the interaction of the social network (Gilsing 2005; Nooteboom 2004 ).
Fourth, stability demonstrates the sustainability of the subject's network, which can contribute to long-term cooperation and knowledge sharing between entities and produce new values. Provided that the cooperation lasts for a longer time, organizations' cultures will become similar, distances between organizations will be shortened, norms will be more easily formed, and there will be fewer barriers to sharing resources and more innovation interaction (Helmsing 2001) . The indicators for stability are joint duration and frequency of changes; the corresponding measures include the longevity of cooperation between interactive entities and the changes in the number of interactive partners (Helmsing 2001; Nooteboom 2004) .
Therefore, the priority of structural embedding is the position taken by transnational R&D centers in the host country's NIS: Transnational R&D centers' selectively taking the superior position in the network can ensure their embedding mechanism and procedure, contribute to their interaction with other entities, and propel the diffusion of knowledge and technologies. In view of this, we assume that structural embedding positively affects the host country's NIS, and we put forward the following hypotheses:
H 2a : Structural embedding is positively correlated with the innovation capability of the host country's NIS; the bigger the structural embedding is, the stronger the innovation capability.
H 2b : Structural embedding is positively correlated with the openness of the host country's NIS; the bigger the structural embedding is, the greater the openness.
The influences of virtual embedding are decided by virtual coupling and virtual links. First, virtual coupling reveals the relatedness of knowledge spillover and information diffusion between interactive subjects in the network. Subjects facilitate virtual interactions through virtual network cognition, thus narrowing their technology gaps and allowing their technology levels to gradually match. Virtual coupling can enhance the knowledge absorption and adaptation between related subjects and achieve a win-win situation (Zhu and Yan 2009) . The principal indicators for virtual coupling are exchange effect, support effect, overall effect, and approaching effect; the specific measures are improving and enhancing the sector technology through non-face-to-face contacts, introducing advanced R&D facilities and projects by means of spillovers, bringing about significant and fundamental transformation of the sector through innovation diffusion, and narrowing the technology gaps between subjects (Fowler et al. 2004; Morse et al. 2007; Zhu and Yan 2009) .
Second, virtual links states the information links and barrier-free communication established by the interactive subjects in the Internet scenario, which helps to effectively reduce uncertainty and opportunity costs. Virtual embedding relies on Internet development, which allows the enterprise to receive support from external technology, services, and systems. Consequently, innovation can be achieved on a larger scale through technology diffusion and transfer. The primary indicators for virtual links are importance, intermediacy, and comprehensiveness; the specific measures include the importance of electronic information via Internet links, the intermediacy of electronic information via Internet links (one-to-one correspondence), and the comprehensiveness S112 Cui, Chen and Chang of electronic information via Internet links (Fowler et al. 2004; Morse et al. 2007; Zhu and Yan 2009) .
The priorities of virtual embedding are knowledge and information exchanges between subjects in the Internet context, new methods of trading knowledge and technologies, and new business modes that can accelerate the application of new technologies. Also, these domains are not covered by relational and structural embedding. Transnational R&D centers' virtual embedding can be regarded as a complement to relational and structural embedding, accounting for the new feature of the virtual Internet community and its innovation. In general, transnational R&D centers' virtual embedding has positive effects on the host country's NIS, according to which we propose the following hypotheses:
Virtual embedding is positively correlated with the innovation capability of the host country's NIS; the bigger the virtual embedding is, the stronger the innovation capability.
H 3b : Virtual embedding is positively correlated with the openness of the host country's NIS; the bigger the virtual embedding is, the greater the openness.The three dimensions of transnational R&D centers' embeddingrelational, structural, and virtual-are different facets of a subject's embedding behaviour, whose objectives are aligned and behaviours are congruent. Therefore, we assume that they are correlated. On the basis of structural equation model analysis and certain other relevant studies on embedding, we propose the following hypotheses: H 4a : Relational embedding is positively correlated with structural embedding; the increment of relational embedding leads to the increment of structural embedding, and vice versa.
H 4b : Relational embedding is positively correlated with virtual embedding; the increment of relational embedding leads to the increment of virtual embedding, and vice versa.
H 4c : Virtual embedding is positively correlated with structural embedding; the increment of virtual embedding leads to the increment of structural embedding, and vice versa.
The measurement of NOIS is decided by the innovation capability and openness of NIS (Table 2) . First, NIS innovation capability indicates the allocation efficiency of NIS technology resources. Since 1997 , when OECD (1997 On the basis of previous studies, we define the main indicators for NIS innovation capability as innovation input, innovation environment, innovation output, and innovation potential, specifically embodied in staff input, financial support, education environment, institutional environment, market environment, patent licensing revenue, patents, papers, number of technology centers, brands, exports of high-tech products, and international competitiveness.
Second, NIS openness reflects the exchange and configuration status of global science and technology resources. Pavitti (2002) points out that transnational R&D is an important carrier of open NIS, and the analysis of innovation globalization should not be confined to the enterprise level but should instead be expanded to financial institutions, colleges, business and policy agents, laws, culture, and social norms on the national level. Niosi and Bellon (1994) used transnational R&D, transnational R&D alliances, transnational technology transfer, international trade, and international flow of talent as the primary indicators for NIS openness. On the basis of previous studies and our research purpose, we define the indicators for NIS openness as technology openness and policy openness, specifically embodied in patent cooperation, proportion of foreign R&D expenditure, international expenditure of technology, international revenue of technology, technology transfer, trade openness, finance openness, investment openness, and flow of talent.
Methodology and Data

Methodology
This article applies structural equation modelling (SEM) to analyze the effect of transnational R&D centers' embedment on the host country's NIS and the corresponding influences. SEM is a type of multivariate analysis method derived from the general linear model. The structural equation describes the relations between latent variables, and the measurement equation describes the relations between latent variables and measures.
The structural equation is usually expressed as follows:
The measurement equation is usually expressed as follows:
On the basis of our theoretical hypotheses, we build the structural equation model of latent variables ( 
Questionnaire Design
The data used here were collected from a questionnaire survey conducted in China. For the survey, a five-point Likert scale was adopted (for a discussion of the fivepoint Likert scale, see Parry and Berdie 2004) . A questionnaire methodology for data collection was selected for two reasons: First, the availability of data sources and the consistency of measures should be ensured because the measures involve transnational R&D centers (on the micro level) and NIS (on the macro level). Second, because the distribution of scientific and technological resources is obviously uneven between different regions in China, statistical data cannot faithfully reflect the actual situation faced by different subjects. Because the subject's cognition of NIS will directly affect its embedding decision, exploring the subject's cognition by means of a questionnaire is a more rational approach.
The questionnaire design went through three steps. First, an initial version of the questionnaire was drafted according to interview outlines based on previous studies (see Table 1 and Table 2 ) and in-depth interviews with senior managers and R&D personnel from MNCs' R&D centers in Beijing (such as IBM, GE, Cisco, and Siemens). Next, the initial version of the questionnaire was modified by related personnel and scholars. Last, the questionnaire was pretested in these MNCs' R&D centers and further modified after comparing the statistical data with the interview record.
Study Sample
The survey was formally conducted in cities in which transnational R&D centers are clustered, such as Beijing, Shanghai, Guangzhou, Nanjing, and Tianjin. A total of 350 questionnaires were sent out, involving 109 transnational R&D centers. The questionnaires were sent to senior managers and R&D personnel in both electronic and printed forms. A total of 300 questionnaires were returned (for a response rate of 85.7 percent), of which 268 were valid.
The sample formed by the 268 valid questionnaires is representative. Of the valid questionnaires, 31.0 percent are from senior managers and 69.0 percent from senior R&D personnel; 110 respondents are from Beijing, 90 from Shanghai, 20 from Guangzhou, 15 from Nanjing, 5 from Tianjin, and 28 from other cities. Among the parent companies of the 109 transnational R&D centers participating in the survey, 45 are from the United States; 24 from Japan; 10 from France; 8 from Germany; 8 from Korea; 3 each from Sweden, Switzerland, and the Netherlands; 2 from Denmark; and 1 each from Great Britain, Canada, and Finland. Of the respondents, 48 work in the manufacturing sector, 45 in the computer services and software sector, and 16 in other sectors. 
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The statistical analysis of the collected data shows that the R&D centers whose staff number less than 100 account for 13.1 percent; 101-300, 32.8 percent; 301-700, for 35.8 percent; 701-1,500, for 10.5 percent; and more than 1,500, for 7.8 percent. For the most recent two years, average annual sales of less than ¥5 million account for 14.1 percent; ¥5-30 million, for 19.8 percent; ¥30-100 million, for 63.1 percent; and more than ¥100 million, for 3.0 percent. In comparison with holding companies in China (Cui 2011) , the composition of this sample is quite representative.
Statistical Results
Reliability and Validity Analysis
This study applied SEM to calculate path models and IBM SPSS Statistics version 17.0 (IBM Corp., Armonk, NY) to carry out data analysis. An analysis of the means and standard deviations of the variables determined the convergence and decidability of the data.
The analysis shows that the standard deviation of items can interpret latent factors fully (DeVellis 1991). Analysis of Cronbach's a, which is used to measure reliability consistency, shows that the total Cronbach's a is 0.913, the maximum item-to-total correlation coefficient is 0.919, and the minimum item-to-total correlation is 0.576. The Cronbach's as for the five latent factors are above 0.70, and the item-to-total correlation coefficients are all above 0.50, which is acceptable (Nunnally 1978) .
The validity analysis shows that the variables are designed reasonably and that the data have reached the required accuracy and validity. First, the content validity analysis shows the questionnaire is in accordance with scientific norms. Second, concurrent validity analysis indicates that there might be some possible correlation between one variable and other variables (Cronbach and Meehl 1955) . The measurement of construct validity shows that transnational R&D centers are positively correlated with NIS and that the scale has relatively good predictive and convergent validity (Table 3) . Third, the construct validity analysis shows the degree of correlation between measures and the specific concepts. The Kaiser-Meyer-Olkin test shows that each item is above 0.7, and Bartlett's test of sphericity shows that the F value is significant at p < 0.01. Therefore, the scale possesses good construct validity.
Model Testing
The proposed model passed the fit test. The results show that the first standard-order factor of reflective indicators x1-x54 is loaded in the range of 0.612-0.891 (p < 0.05); the second standard-order factor of manifest variables is loaded in the range of 0.700-0.795 (p < 0.05), and the standard factor loadings of items in SEM are all above 0.5 (p a 0.01), which meets the fit test requirements (Fornell and Larcker 1981) . Further confirmatory factor analysis using AMOS was also performed. On the basis of the collected data, we selected the w 2 /df, goodness-of-fit index, adjusted goodness-of-fit index, comparative fit index, incremental fit index, and normed fit index to test the model's overall goodness of fit (Table  4) . Generally, if the value of w 2 /df is 1-3, it meets the requirements to pass the analysis. The closer the values of the other measures are to 1-and if they are above 0.9-the more well structured the model is. The overall goodness-of-fit test for the proposed model meets these requirements.
We conducted a confirmatory analysis for the proposed SEM using IBM SPSS AMOS version 17.0 (IBM Corp., Armonk, NY). The results are shown as standard path coefficients to indicate the relations between latent constructs. All of the path coefficients are significant; some are above 0.3 and others are above 0.5, which are in the medium-and high-effect range. All nine hypotheses passed the test (Figure 3) . Figure 3 reports the interactive paths between transnational R&D centers' embedding and different NIS variables, which illustrate the intrinsic rules about how transnational R&D centers' embedding affects the host country's NIS.
Results and Discussion
The empirical results illustrate the intrinsic rules of transnational R&D centers' embedding and its impacts on the host country's NIS (Figure 3) . First, transnational R&D centers' embedding positively affects the host country's NIS, with each latent embedding factor playing a different role. In general, the effects brought by relational, structural, and virtual embedding are significant, with the effects of structural and relational embedding being more prominent. This meets expectations considering that virtual embedding reflects the new feature of online virtual community. This result is also consistent with the conclusions of Jones and Williams (1998) , Nahapiet and Ghoshal (1998), Caves (1974) , and Blomstrom and Wolff (1989) . Through technology diffusion; knowledge spillover; exchanges of personnel, facilities, and information; and other channels, transnational R&D centers' embedding contributes to the development of the host country's NIS.
As for the dimension of NIS innovation capability, the most influential is structural embedding (0.718), the least influential is virtual embedding (0.382), and relational embedding (0.683) is intermediate. The deeper the structural embedding, the greater the innovation performance the interactive entities will achieve (Ahuja 2000) . When the market is uncertain, deeper relational embedding can bring about higher innovation performance (Larson 1992; Uzzi 1997) . In China's market, because transnational R&D centers possess more advanced technologies, they tend to hold more prominent network centricity and play more influential roles. With the deepening of relational embedding, the trust between Chinese and foreign entities will be augmented, and virtual embedding will contribute more to innovation capability.
In view of NIS openness, the most influential type of embedding is virtual embedding (0.589), the least influential is structural embedding (0.489), and relational embedding (0.517) is intermediate. Normally, relational S116 Cui, Chen and Chang embedding and structural embedding have more obvious impacts on NIS openness as regards transnational R&D centers' bridging property. However, a possible reason why virtual embedding is more influential in this dimension is that transnational R&D centers still remain at the early stage of embedding when virtual embedding plays a bigger initial role because these centers have just entered China. With widespread Internet usage and closely connected global knowledge, transnational R&D centers can break through temporal and spatial limitations by making use of the Internet. The impacts brought by latent embedding factors and measurement factors are not only decided by the degree and mode of embedding but also by the time that embedding takes to render effects. Some factors cause significant immediate effects, whereas long-term observation is needed to discern the influences of other factors. Relational embedding has a longer lag period than structural embedding, which might be one of the reasons why different latent factors have different influences.
Second, transnational R&D centers' embedding into the host country's NIS is a systematic, coordinated, and dynamic process that is driven by the development of the Internet. The correlation between relational embedding and structural embedding is the highest (0.469), followed by the correlation between structural embedding and virtual embedding (0.454), and the correlation between relational embedding and virtual embedding is the lowest (0.325). There are strong correlations and interactions among relational embedding, structural embedding, and virtual embedding; thus, they should be regarded as systematic coordination.
In accordance with the goal, efficiency, effectiveness, and rules of embedding, transnational R&D centers implement embedding sequentially and selectively in different dimensions. In other words, embedding is a dynamic process that has its own particular characteristics: The importance of latent embedding factors and measurement factors varies over time. The embedding process can be divided into three stages. In the early stage, relational embedding (sharing mechanism) and structural embedding (centricity) are dominant; in the intermediate stage, relational embedding (sharing mechanism and trust), structural embedding (centricity and density), and virtual embedding are more prominent; and in the last stage, relational embedding, structural embedding, and virtual embedding reach a general equilibrium. Taking temporal and spatial limitations as well as costs into consideration, the rapid development of the Internet can hasten the interactive and coordinative process of transnational R&D centers' embedding.
Third, the composition of manifest variables embodies some features of transnational R&D centers' embedding at the early stage. The different stages of transnational R&D centers' embedding and their corresponding features need further study, judging by the timing of the sample transnational R&D centers' entrance into China, the embedding of which is still at the early stage. The overall distributive difference of manifest variables that determine latent factors is rather small, yet has certain regularities.
Among the manifest variables of relational embedding, sharing mechanism is the most influential (0.774), scope is the least (0.598), and trust (0.745) and strength of ties (0.653) remain at the intermediate level. Sharing mechanism is the very basis for relational embedding: Only when a sharing mechanism is formed will the entities begin to know more about and trust each other, extending from entities with direct business relations to those with indirect relations and gradually expanding their scope. Transnational R&D centers established a sharing mechanism and built trust with Chinese entities at the early stage of embedding, but they still need to increase the frequency of exchanges, deepen their mutual understanding, and enlarge the scope.
Among the manifest variables of structural embedding, centricity is the most influential (0.792), stability is the least influential (0.663), and density (0.708) and scope (0.683) are at the intermediate level. Centricity is the embedding choice determined by the subject's condition, whereas stability needs to be built up over the long term. On the one hand, because transnational R&D centers take the leading position in technology, their choice of structural hole to ensure their dominance is facilitated. On the other hand, centricity can facilitate the diffusion and spillover of technologies and knowledge, so the immediate effect of embedding is obvious. Transnational R&D centers should strengthen their ties with key entities, enlarge the scope of their business connections, and consolidate their continuous exchanges and cooperation.
As for the manifest variables of virtual embedding, virtual coupling (0.612) is greater than virtual links (0.576), which exhibit the features of the early embedding stage. Although both parties would need some time to interact virtually so as to narrow their technology gap, transnational R&D centers might choose cooperative partners with fitting technologies when they first enter China. Virtual links need to be built through long-term interaction, along with trust and some common implicit knowledge to realize barrier-free communication.
Among the manifest variables of NIS innovation capabilities, the most influential is innovation potential (0.801), the least influential is innovation environment (0.66), and innovation input (0.799) and innovation output (0.684) remain at the intermediate level, which meets expectations. Taking into consideration structural Transnational R&D Centers and National Innovation Systems in Host Countries: Empirical Evidence from China S117 doi:10.3138/cpp.2016-075embedding and its most influential manifest variable, that is, centricity, the innovation potential and innovation input expectation can quickly be enhanced within a limited time during the early embedding stage because of the aggregation effect of transnational R&D centers, but their influence on innovation environment needs relatively longer time to take effect.
As for the manifest variables of NIS openness, the impact on policy openness (0.831) is greater than that on technology openness (0.711). For the embedding of transnational R&D centers into China's NIS, the corresponding supporting policies would be required, which can promote the political openness of China's NIS in the short run. Regarding technology openness, the adaptation period would be longer.
On the basis of our analyses, we suggest that the Chinese government accelerate the embedding process of transnational R&D centers so as to ensure their positive effects to the full extent. The majority of the transnational R&D centers' parent companies are from developed countries, which means that they enjoy the leading position in technology and their dominant motive to enter into China is to expand production and market share. These centers are aimed at using the R&D achievements of their respective source countries and consequently make only a limited contribution to their source countries' R&D capabilities. Most of them still concentrate on seeking out adaptive innovation for the Chinese market. The government should formulate corresponding policies to coordinate the dynamic embedding process in accordance with the characteristics and regularity of the early embedding stage, so as to propel transnational R&D centers into the intermediate embedding stage and thereby enhance the innovation capability and openness of NIS.
Conclusion
This study examines how transnational R&D centers' embedding influences the host country's NIS, using a unique survey on transnational R&D centers. Several important results emerge.
First, transnational R&D centers can contribute to the development of developing countries' NIS. The effects may differ, depending on the embedding modes. In relational embedding, sharing mechanism usually generates an aggregation effect, leading to the redefinition of industry scope and the crowding out of some entities. In structural embedding, centricity can promote technology and knowledge spillover, which also create an aggregation effect. Nevertheless, once stability is established, technology lock-in and the crowding-out effect on the local technology may take place.
Second, different types of transnational R&D centers should adopt different embedding modes, following a gradually adaptive evolutionary process. Transnational R&D centers' embedment into the host country's NIS is a systematic cooperative dynamic process. These centers will continuously adjust their embedding modes according to the companies' specific strategies. Take adaptive R&D centers and global R&D centers as an example: Their embedding modes exhibit different structures. For adaptive R&D, relational embedding is used mainly to help interactive entities effectively obtain economic resources, whereas for global R&D, relational embedding serves to realize the sharing and spread of high-quality information and uncoded implicit knowledge among organizations. The key of structural embedding for adaptive R&D lies in centricity, which allows information and other resources to flow rapidly, whereas for global R&D, the priority of structural embedding is to improve the subject's proactivity and to accelerate technology spillover and knowledge diffusion. Virtual embedding for adaptive R&D emphasizes matching and connecting with local innovation entities, in comparison to global R&D in which the focus is on integrating the local innovation entities into matching and connecting global innovation resources.
Third, the transnational R&D centers in China are still in the early stage of embedding and will be able to produce more profound impacts on China's NIS as embedding further deepens. We suggest that the government introduce appropriate measures to enhance the mutual trust, communication, and understanding between transnational R&D centers and Chinese entities so as to propel the embedding of transnational R&D centers and thereby speed up the construction of an open NIS.
